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Objective: Endovascular repair of injured thoracic aorta offers a new minimal invasive therapeutic option that could be
beneficial in the urgent management of polytrauma patients. The aim of this study was to assess our multicenter
experience of immediate endovascular repair for acute traumatic injuries of the thoracic aorta.
Methods: Between April 2002 and October 2007, all patients treated for an acute traumatic injury of the thoracic aorta,
in a less than 12-hour delay, by endovascular repair, were reviewed retrospectively in three Parisian trauma centers.
Collected data included age, sex, associated comorbidities, and traumatic lesions to determine the Traumatic Injury
Severity Score (TRISS), the type of aortic lesion assessed by computed tomography (CT)-scan and transesophageal
ultrasonography, technical aspects of endovascular repair, length of hospital stay, and postoperative mortality. Patients
were regularly followed by clinical examination, chest radiographs, and thoracic CT-scan.
Results: Twenty-eight patients (20 males, mean age 45 18.8 years) were treated in a median delay of 5 hours (range 2 to 10
hours) after initial trauma. They all experienced severe traumatic injuries with a mean predictive mortality of 55.6% 33.1%
according to TRISS. Aortic lesions were associated with aortic parietal hematoma (71%), hemomediastinum (86%), and
hemothorax (68%). All endovascular procedures were technically successful through femoral (n 24) or iliac access (n
4), in a mean operating time of 94 35.8 minutes. Proximal sealing of the endografts required the coverage of the origin
of the left subclavian artery in 13 cases and of the left common carotid in one case. The median of hospital stay was 27
days (range 9 to 127 days), with an overall hospital mortality of 17.9% (n  5). All deaths were unrelated to the aortic
rupture or the stent placement, and no intervention-related morbidity or mortality was recorded during a median
follow-up of 24 months (range 5 to 73 months).
Conclusion: Endovascular stent grafting allows an immediate efficient repair for acute traumatic injuries of the thoracic
aorta. This early management is, however, associated with a high in-hospital mortality, related to the severe concomitant
injuries of such unselected multitrauma patients. ( J Vasc Surg 2008;48:1369-74.)Traumatic injury of the thoracic aorta (TITA) is poten-
tially life-threatening, occurring in patients who sustain
violent deceleration in road accidents or fall from great
heights1-3 and is often fatal within the first hours.4,5 Sur-
viving patients frequently present concomitant injuries of
various other organs, complicating the conventional surgi-
cal management.6,7 Since Volodos et al described the first
thoracic endovascular stent grafting in 1991,8 the mini-
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nique especially suitable in high risk patients with severe
comorbidities and for multitrauma patients. Several series
have demonstrated endovascular repair to be an efficient
therapeutic option of TITAs with promising results,9-16
but controversy persists regarding the timing of interven-
tion.17-20 The purpose of this multicenter study was to
assess the feasibility and the outcomes of immediate endo-
vascular management for acute TITA in the emergency
setting.
METHODS
We retrospectively reviewed all patients with an acute
TITA treated with an endovascular graft between April
2002 and October 2007 in three University trauma centers
of the Parisian Public Hospitals (Assistance Publique –
Hôpitaux de Paris: APHP). All included patients sustained
a violent traumatic injury, with sudden deceleration (road
accident or fall from a great height) and were treated with a
less than a 12-hour delay after the initial trauma. Chronic
aortic injuries, postponed repairs, and patients treated for a
penetrating or iatrogenic trauma were excluded.
Initial evaluation of trauma and first-line emergency
treatment were performed according to the Advanced
Trauma Life Support guidelines.21 Plain chest, pelvic, and
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a contrast enhanced body scan to establish the diagnosis of
aortic rupture and associated injuries. The severity of
trauma was defined by an anatomic scoring system, the
injury severity score (ISS, from 0 to 75),22 and a clinical
scoring system, the revised trauma score (RTS, from 0 to
7.841).23 Both scores allow to calculate a predictive mor-
tality rate with the traumatic injury severity score (TRISS,
from 0% to 100%) formula.24
The type of aortic lesion was assessed on computed
tomography (CT)-scan, and in selective cases, on trans-
esophageal echocardiography, and was recorded as: intimal
flap, false aneurysm, or circumferential rupture. The peri-
aortic extension of bleeding on CT-scan was recorded as:
aortic parietal hematoma, hemomediastinum, hemoperi-
cardium, and hemothorax. The aortic diameter between
the left common carotid artery (LCCA) and the left sub-
clavian artery (LSA), and the distance between the aortic
tear and the origin of the LSA, were measured on CT
reconstructions.
After initial assessment and stabilization, patients were
transferred to the operating room where injuries were
treated in order of threat to life. Acute life threatening
injuries such as intra-cranial or intra-abdominal hemor-
rhage were treated first, followed by the endovascular pro-
cedure as soon as possible. Endovascular repair was per-
formed in the operating room by vascular surgeons, using
four different self-expanding commercially available stent
grafts: Talent LPS and Valiant (Medtronic AVE, Santa
Rosa, Calif), Zenith TX2 (Cook Medical, Bloomington,
Ind), or TAG (W. L. Gore and Associates; Flagstaff, Ariz).
Sizing of the graft was based on CT measurements.
Patients were treated under general anesthesia via the
common femoral artery, surgically exposed at the groin; or
via the common iliac artery through a retroperitoneal ac-
cess, if the small caliber of the femoral and external iliac
vessels could not accommodate the stent graft delivery
system. The stent graft was delivered over an extra-stiff
Lunderquist guidewire (Cook Medical, Bloomington,
Ind), and positioned under fluoroscopic guidance within
the descending aorta for deployment. All operating rooms
were equipped with portable C-arm (either General Electric
OEC 9000, Fairfield, Conn, or Philips BV Pulsera, Eind-
hoven, The Netherlands) and a contrast injector (MedRad
Mark V ProVis, Pittsburg, Pa). An intraoperative arteriog-
raphy was performed, using a pigtail catheter in the ascend-
ing aorta, to evaluate the aortic lesion and to verify the
position of the stent graft before deployment. After deploy-
ment, complete exclusion of the aortic injury without evi-
dence of endoleak was confirmed by a completion angiog-
raphy. Further expansion of the stent graft was performed
by ballooning at the proximal and distal anchoring zones as
needed. Systemic heparin was contraindicated in case of
accompanying hemorrhagic lesions. In other cases, a single
dose of 50 UI/kg of heparin was routinely injected prior to
device insertion and fully antagonized after removal of
endovascular equipment. In all cases, local heparin flushwas used within the sheaths. No further anticoagulation
was administrated.
Follow-up collected data consisted of a clinical exami-
nation, plain chest radiographs, and a thoracic CT-scan.
The data are presented as mean and standard deviation, or
median and range.
RESULTS
Twenty-eight patients (20 male, mean age 45  18.8
years) were treated by endovascular repair for an acute
TITA, with a less than 12-hour delay following their ad-
mission in three AP-HP trauma centers: Henri-Mondor
Hospital (13 patients); Georges Pompidou European Hos-
pital (nine patients); and Bichat Hospital (six patients). The
cause of aortic injuries included 17 road accidents (60.7%)
and 11 falls from great height. Concomitant injuries were
documented in all patients and are listed in Table I. Patients
experienced severe traumatic injuries, with a mean ISS at
49.3  13.2, a mean RTS at 5.9  1.6, and a mean
predictive mortality rate calculated at 55.6%  33.1% ac-
cording to TRISS. Two patients presented an initial para-
plegia, due to a T11 vertebral fracture with spinal cord
injury in one case, and to an associated dissection of the
descending thoracic aorta in the other. In three patients, an
emergency procedure was performed before endovascular
repair: 2 laparotomies for hemostasis (1 liver packing, 1
splenectomy) and 1 sternotomy for suture of a myocardial
rupture.
Aortic lesions were diagnosed on CT-scan as an intimal
flap (n  6) or a false aneurysm (n  17). These diagnoses
were confirmed by an endoesophageal echocardiography in
11 cases (39.3%). Each lesion was associated with peri-
aortic blood effusion identified as an aortic parietal hema-
toma in 20 cases (71%), a hemomediastinum in 24 cases
(86%), a hemopericardium in three cases (11%), and a
hemothorax in 19 cases (68%). The mean aortic diameter
measured between the LCCA and LCA was 24.6  4.4
mm. The mean distance between the aortic tear and the
Table I. Concomitant injuries
Concomitant injury n %
Head injuries
Cerebral hemorrhage 13 46.4
Facial fracture 8 28.6
Cardiopulmonary
Pulmonary contusion 20 71.4
Myocardial contusion 7 25.0
Abdominal
Spleen 6 21.4
Liver 8 28.6
Renal 6 21.4
Mesenterial hematoma 2 7.1
Fractures
Rib 22 78.6
Upper extremity 12 42.9
Lower extremity 11 39.3
Vertebral 12 42.9
Pelvic 9 32.1origin of the LSA was 22.4  10.0 mm.
ltiple o
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5 hours (range 2 to 10 hours) from initial trauma and was
technically successful in all cases. Delivery of the stent graft
was possible through a femoral access in 24 cases (86%) and
required an iliac access for the four other cases. Twenty-
nine stent grafts were deployed: 16 Valiant and 2 Talent
LPS (Medtronic AVE, Santa Rosa, Calif), 7 Zenith TX2
(Cook Medical, Bloomington, Ind), and 4 TAG (W. L.
Gore and Associates, Inc, Flagstaff, Ariz). One patient
presented an isthmus rupture complicated with a dissection
of the descending thoracic aorta and required the deploy-
ment of two stent grafts to allow complete exclusion of the
aortic tear and correct distal perfusion. The mean length of
implanted covered stent grafts was 135.2  32.1 mm.
Their mean proximal diameter was 28.4  4.1 mm, with a
mean calculated oversizing rate of 19%  5.0%. Proximal
sealing of the stent grafts required the coverage of the
origin of the LSA in 13 cases (46.4%) and of the LCCA in
one case. This last patient required intraoperative revascu-
larization of the LCCA from the ascending aorta via ster-
notomy. In these patients, the distance between the aortic
tear and the origin of the LSA was20 mm. None of them
experienced vertebrobasilar or left arm ischemia in the
immediate postoperative period. All aortic lesion were cor-
rectly excluded with no type I endoleak on completion
arteriographies. The mean operating time was 94  35.8
minutes. The mean intraoperative use of contrast media
was 156  74.1 mL, with a mean time of fluoroscopy of
18.3  12.6 minutes. No thrombotic complication oc-
curred during the procedures.
The overall hospital mortality was 17.9% (n  5), and
all deaths were unrelated to the aortic rupture or the stent
graft placement (Table II). The mean ISS and TRISS were
significantly higher in the deceased population than in the
survivors (respectively: ISS  59.0  9.4 vs 47.2  13.1:
P  .03; and TRISS  85.6  20 vs 49.0  32: P  .01).
The median of stay in intensive care unit was 21 days (range
5 to 120 days), and the median hospital stay was 27 days
(range 9 to 127 days). No patient developed any neurolog-
ical complication due to the endovascular procedure.
The median follow-up for survivors was 24 months
(range 3 to 73 months), with two patients lost to follow-up
after 3 months. One patient developed left arm claudica-
tion 2 months after discharge, which required LSA revas-
cularization via a left carotid subclavian transposition.
There were no other late endovascular procedure related
Table II. Hospital mortality
Patient no. Age ISS TRISS %
1 22 75 99 MOF after hem
2 90 50 50.7 Coagulopathy
3 86 57 91.9 Renal failure w
4 40 57 88.5 Severe intracra
5 58 56 98.1 Severe epilepti
ISS, Injury severity score; TRISS, traumatic injury severity score; MOF, mucomplications, such as endoleaks or graft migration.DISCUSSION
This observational retrospective study presents the
largest series, to our knowledge, of multitrauma patients
treated by immediate endovascular stent grafting for acute
TITA. It confirms the feasibility and the midterm efficiency
of emergent endovascular repair of such life-threatening
lesions, with a still high in-hospital mortality related to
concomitant injuries.
Operative requirements of conventional open repair
complicate the management of such polytrauma patients in
urgent situation and result in high postoperative mortality
rates ranging from 15% to 30% in recent published se-
ries.25,26 The lateral positioning in patients with multiple
extremity fractures, vertebral or spinal cord injuries (82% in
our series, with two preoperative paraplegia) increases the
risk of morbidity. Left thoracotomy and single lung venti-
lation in the presence of lung contusions results in pro-
longed respiratory insufficiency and infectious complica-
tions (range 24% to 65% in the literature and 36% in our
series).2,25,26With aortic cross-clamping remains the risk of
paraplegia due to spinal cord ischemia (range 2.3% to
25.5%),27,28 despite the use of circulatory assistance.25,29
The need of systemic heparinization also increases the
hemorrhagic morbidity in patients with multiple injuries.
Because of the invasive character of open surgery, aortic
repair is often deliberately postponed to decrease the proce-
dure relatedmortality.1,30,31 But even under intensive surveil-
lance, the risk of secondary aortic rupture remains around 5%,
mostly within the first week after the trauma.1,32 Further-
more, most of the patients present an initial hemodynamic
instability with peri-aortic blood effusion (78% in our series),
prompting immediate aortic repair.
Endovascular stent grafting is a less invasive technique
that invalidates the reasons for postponing aortic repair.
Additional injuries do not represent an obstacle to imme-
diate stent grafting, because it can be performed with no
mobilization of the patient, no heparinization and no aortic
cross-clamping. In our early experience, stent grafting was
only considered for TITA associated with significant con-
comitant injuries. In that time-period, open surgery was
performed in six additional cases. Impressed by the safety
and simplicity of the endovascular approach, we decided to
extend the indication to all anatomically suitable cases and
to perform endovascular repair as soon as possible. As in
other recent published series,20,33 we believe that this
Cause of death
Time after
intervention
agic shock with severe hepatic trauma 12 h
hemorrhagic shock 2 d
vere myocardial contusion 3 d
ypertension after cerebral hemorrhage 10 d
ck with cerebral injury and hemorrhagic shock 13 d
rgan failure.orrh
after
ith se
nial h
c attatechnique should be performed without delay, or immedi-
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(intracranial or intra-abdominal hemorrhage). This early
management limits the risk of total rupture, without wors-
ening the global mortality of such severe traumatized pa-
tients.15,34 All patients presented in this series were treated
before a delay of 12 hours after initial trauma. During the
observed time period, two other cases were postponed for
endovascular repair and, therefore, excluded from the
study: one patient initially managed in an other trauma
center, presented after 4 days with a sudden hemodynamic
degradation that led to the diagnosis of aortic rupture;
another patient had to sustain 9 days of intensive care for a
fat embolism before being considered for aortic repair.
These events led us to favor early repair with less selection
of patients and may explain the higher mean ISS and
comorbid mortality rate of our series compared with other
recently published studies (Table III).
Vessel access for the device remains a significant issue of
endovascular repair. Most of our procedures could be per-
formed through a femoral access by a cutdown at the groin.
In four cases though (14.3%), the diameter of the external
iliac artery was considered too small by the operator, and
the endograft was introduced through the common iliac
artery, exposed by retroperitoneal access. We have chosen
iliac access more frequently than other authors,19,20,33 in
order to prevent external iliac avulsion, which may have
major consequences.15 This approach could be explained
by the fact that all our patients were treated at the operating
room by a surgical team. No complications of surgical
access were seen in this series.
Another issue particular to endovascular repair is to
assure an efficient proximal sealing of the stent graft to
avoid proximal type I endoleak. Considering 20 mm as a
minimum length of proximal landing zone, endovascular
exclusion of the traumatic lesions remained durable, with-
Table III. Recent largest case series of endovascular repai
Study
Number of patients
(Delay of repair)
Sten
m
Melnitchouk et al35 15 (14 d)
Amabile et al36 9 (14 d)
7 (24 h)
Dunham et al37 16 (14 d)
9 (24 h)
Lachat et al15 10 (14 d)
9 (24 h)
Bent et al33 13 (14 d)
8 (24 h)
Buz et al39 34 (7 d)
29 (48 h)
Marcheix et al19 12 (14 d)
4 (24 h)
Hoornweg et al20 28 (14 d)
21 (24 h)
Canaud et al38 27 (14 d)
21 (5 d)
This series 28 (12 h)
ND, Not defined.out any endoleak recorded in the follow-up. This approachmay have led to the high coverage rate of the LSA ostium
(46.4%) compared with the range of 23% to 32% described
in the literature.19,20,33,39 In all these cases, the landing
zone between the LSA and the aortic tear was20mm and
considered insufficient to assure proximal sealing.
Most authors agree that LSA should not be systemati-
cally revascularized, except in cases of an ipsilateral large
dominating vertebral artery or of coronary bypass from the
left internal mammary artery. One case of fatal vertebral
embolic complication has been described by Buz et al,39
with a mobile thrombus on a partially occluded LSA. In our
series, only one case out of 13 covered LSA (7.7%), pre-
sented a delayed ischemic arm claudication 2 months after
the procedure, which led to a carotid-subclavian transposi-
tion without complication. Various rates of indication for
LSA revascularization are published ranging from 0% to
25%,39,40 after coverage of the LSA ostium by an en-
dograft. LSA revascularization appears also mandatory in
cases of extensive stent grafting of the descending aorta, in
order to favor spinal cord’s collateral vascularization.39,41
However, endovascular repair of TITAs usually requires
only a short length of aortic stent grafting, resulting in a
very low risk of spinal cord ischemia and paraplegia.
In spite of many benefits on the short- and midterm
outcomes, the long-term results of endovascular repair
remain a major issue in relatively young patients. The fabric
of the stent graft is exposed to pulsatile shear stress forces
and consequences of placement in the curvature of the
distal arch which might impair these promising results.
Therefore, the development of an ideal stent graft is impor-
tant: it should be adapted to the anatomic tight curvature of
the distal arch of young patients, correctly oversized of 15%
to 20%, short enough to avoid excessive coverage of inter-
costal arteries, precisely deployable with a stable and flexi-
ble delivery system, and durably anchored to prevent late
acute TITA
ft-related
ity (%)
Comorbid
mortality (%) Injury severity score
2 (13.4%) ND
0 ND
1 (6.3%) 36.9  12.0
0%) 0 ND
0 ND
.9%) 2 (5.9%) 41 (range 13-66)
0 40.2  10.7
4 (14.3%) 37.1  7.8
(3.7%) ND
5 (17.9%) 49.3  13.2r for
t gra
ortal
0
0
0
1 (1
0
1 (2
0
0
0
0migration.
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ideal profile, and each of them presents some pros and cons.
The curvature of the aortic arch in young patients repre-
sents a challenge for manufacturers in terms of stent graft
delivery and proximal apposition. The proximal end of the
delivery sheaths are often not flexible enough to turn softly
into the ascending aorta. In such cases, we recommend
placing the proximal “nose” of the delivery sheath into the
brachio-encephalic arterial trunk to allow a stable deploy-
ment of the stent graft.
Proximal apposition is also an important issue for long-
term stability, since individual case reports of stent graft
collapse resulting in major morbidity and mortality and the
need for reintervention have been reported with several
different devices.42,43 In our experience, a proximal bare
stent seems to insure a better apposition of the proximal
seal zone to the inner curvature of a tight aortic arch. This
should also help avoid problems such as “bird-beaking”, a
phenomenon that occurs when aortic blood compresses
the endograft at the proximal seal zone. On the other hand,
the radial force of such stents may create later lesions in the
aortic wall that could have dramatic effects on supra-aortic
trunks.
Another issue is the need for smaller diameter devices in
these younger patients whose aortas have not begun to
dilate. We often struggle with the size miss match between
the small aortic diameter and the smallest stent graft diam-
eter. In our series, the most oversized stent graft was a
Talent of 26mm of diameter for an aorta of 20mm and was
performed in the early period of our experience. This
resulted in an oversizing of 30%, with no late complication
during a follow-up of 66 months. The range of stent graft
diameters available in the three trauma centers was 24 to 40
mm during the observed time period. Main thoracic stent
graft manufacturers actually provide commercially available
devices with a smallest diameter of 22 mm.
However, of all the important qualities, the appropriate
device should be available “on the shelf” to allow immedi-
ate repair. Trauma centers who manage such traumatic
lesions should therefore be equipped of short stent grafts
(150 mm) with small diameters (20 to 30 mm).
CONCLUSION
This study, despite the limits related to its retrospective
character, demonstrates that the minimally invasive charac-
ter of endovascular stent grafting allows early repair of acute
TITA in safely and with good short- and midterm results.
Immediate repair for this life-threatening lesion should
insure a more comfortable reanimation of such severe mul-
titrauma patients. This approach is, however, still associated
with a high in-hospital mortality related to their severe
concomitant injuries.
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